Objectives: Nowadays more and more newly introduced light sources (tungsten-halogen, compact fluorescent (CFL) and light-emitting diode (LED) lamps) are used in households. It is important to know whether their radiation poses any possible risk for human health or not. These light sources emit optical radiation not solely in the visible spectrum. Other bands emitted by these sources, i.e., ultraviolet and infrared, are potentially hazardous for human health. The visible light, especially the blue light, could also damage human retina. The purpose of this study was to determine the ultraviolet (UV) and blue light (BL) emissions from halogen bulbs, CFLs and LED lamps, and to evaluate them from the point of view of possible health risks for general public. Material and Methods: The exposure of UV and BL emissions from 19 types of CFLs, 11 types of halogen lamps and 4 types of LED lamps produced by different manufacturers were measured at 200 mm distance from the source. Results: The exposures to UV and BL were below the International Commission on Non-Ionizing Radiation Protection (ICNIRP) exposure limits in spite of the very conservative assumption of the assessment. Conclusions: Results of this study indicate that the UV and BL radiation from the newly introduced lamps does not exceed the current exposure limit values and thus, in comparison with the former incandescent bulbs, does not result in a higher risk for general public.
INTRODUCTION
In the past century conventional incandescent bulb was almost the only source of electric light used in households. Due to energy saving policy [1] conventional incandescent bulbs (and other inefficient lighting methods) had to be phased out until September 2012. Consumers had to replace them with energy efficient light sources such as halogen bulbs, compact fluorescent lamps (CFLs) or light-emitting diode (LED) lamps. Since currently, these light sources are used in the majority of households it is important to know whether their optical radiation can pose any risk to human health or not. These sources of light emit mainly optical radiation but not solely in the visible spectrum (VIS). There are some other ranges of non-ionizing radiation that are emitted by these sources and that are possibly hazardous for human health, such as: ultraviolet (UV), infrared (IR) radiation and intermediate frequency electromagnetic fields [2] . Also visible light, especially blue light (BL), can impair eyesight.
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O R I G I N A L P A P E R IJOMEh 2014;27(6) 1037 time is 100-1300 s) [16] . Okuno et al. [17] have measured various light sources, e.g., welding arc lights, incandescent, halogen, LED, fluorescent and arc lamps, with a conclusion that the lamps used in households have low effective radiance and mean no hazard (at least in the case of short exposure time). Development of manufacturing and spreading new light sources require drawing attention to these questions. The purpose of this study was to determine the UV and BL emissions from halogen bulbs, CFLs and LED lamps, respectively in order to evaluate the possible health risks they pose to general public.
MATERIAL AND METHODS
Ultraviolet and BL emissions from 19 types of CFLs, 11 types of halogen lamps and 4 types of LED lamps of different manufacturers were measured according to the IEC 62471:2006 standard [18] . Distribution of the investigated lamp types is shown in Table 1 . The measurement distance was set at 200 mm, which is the minimum distance permitted by the standard to simulate the worst case situation during the use of lamps. Spectral irradiance of the lamps was measured by an IL783A spectroradiometer (International Light Technologies, Peabody, USA) in the 250-400 nm (UV) wavelength and by an ILT-900C spectroradiometer (International Light Technologies, Peabody, USA) in the 300-700 nm (BL) wavelength range. Both of them had a cosine corrected input optics with fused silica diffuser dome. In the case of BL measurements the instrument was set at 0.1 radian by the appropriate masking of the source. In addition, a 20 mm circle shaped hole was placed in front of the lamp and the irradiance was measured at 200 mm distance from the hole. The measurement uncertainties were 20% and 18% for UV and BL, respectively. Both instruments have a stray light better than 0.1%.
The health effects of UV and BL radiation have been studied for decades. Besides beneficial effects of UV radiation (generation of vitamin D), overexposure to it can cause acute (e.g., erythema, photokeratitis) and chronic (e.g., skin aging, melanoma and nonmelanoma skin cancer, cortical cataract) skin and ocular diseases [3, 4] . In addition, "exposure to UVR contributes to immunosuppression, which is increasingly recognized as important in the development of skin cancer" [4] . Exposure to BL (300-700 nm with a 438 nm peak) could damage retina causing photoretinitis ("blue-light hazard") [5] . The age-related macula degeneration (AMD) can also be induced by exposure to BL and near UV light, especially in the case of aphakic eye [6, 7] . In past decades, there were several studies carried out to determine the UV radiation from lamps used for residential lighting (e.g., incandescent bulbs, halogen and fluorescent lamps) [8] [9] [10] [11] . The results show that these sources of light emit various levels of UV radiation but the values are significantly lower than the natural UV irradiance coming from the sun. Generally, the emitted UV levels from lamps are considered not to be dangerous for healthy persons [12] . Bloom et al. have stated that halogen lamps have UV-C and UV-B emissions which could harm human skin [13] . Early studies about UV radiation from CFLs had different results. Khazova and O'Ha gan [14] have concluded that the UV emission from single-enveloped CFLs may cause overexposure of the skin by desk use. Klein et al. have examined 19 different compact fluorescent light bulbs, and they have found that despite the low UV irradiance the long time use can lead to a significant cumulative damage in the case of photosensitive people, such as lupus erythematosus [12, 15] . There are few reports about the blue-light hazard of artificial light sources. Behar-Cohen et al. have assessed LED sources and concluded that the cold-white and warm-white LEDs are also in the "low-risk" group at 200 mm distance (the maximum permissible exposure
